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In a previous study on experimental Esckerichia coli bacteriemia, it was noted 
that  rabbits  commonly  died within  24  hours  after  the  injection of bacteria. 
An 18 to 24 hour culture of a single strain of E. coli was used as the intravenous 
inoculum  in  these  experiments.  A  subsequent  communication  from  Dr.  Paul 
Beeson  of  Yale  University  revealed  that  deaths  were  unusual  when  similar 
experiments were performed using young cultures of the same strain of E. coli. 
The  present  paper  reports  observations  on  the  comparative  intravascular 
behavior of young and old cultures of this strain of E. coli in rabbits. Evidence 
will be presented which suggests that a  transient episode of hypotension which 
follows  the  injection  of  old  culture  may  subsequently  render  animals  more 
susceptible to death from a  later low-grade bacteriemia. 
Materials and Methods 
Many of the procedures used in the present series of experiments have been described in 
previous communications  (1-3). 
Rabbits.--Healthy  male chinchilla rabbits weighing from 2.4 to 4.2 kilos obtained from a 
single commercial breeder were used throughout these studies.  Animals were housed in single 
cages and fed a diet of rabbit pellets,  I lettuce, and water ad libitum. 
Cultures.--The strain of E. coli originally obtained from Dr. Paul Beeson has been pre- 
viously described  (4). Prior to the present experiments,  the organism was passaged through 
rabbits, grown for 24 hours in peptone infusion broth, and small aliquots frozen at -20°C. 
Single aliquots were removed and thawed for use in each series of experiments. 
(a)  Young Culture.--Young cultures were prepared by transplanting 0.1 ml. of the original 
culture to peptone infusion broth warmed to 37°C. These cultures were used after 4 hours 
incubation at 37°C. In certain experiments this procedure was repeated twice; i.e., a second 
transplant was prepared from the 4 hour culture and again incubated for 4 hours.  This was 
done to further reduce  carry-over of substances present in the 24 hour cultures. In other 
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experiments a  small pedicle was scraped from an agar slant surface and used to inoculate 
infusion broth cultures. 
(b)  Old Culture.---Old  cultures consisted of similar transplants grown at 37°C.  for 18 to 
29 hours. Throughout this paper the term "young" and "old" cultures are used to designate 
4 hour and 18 to 29 hour cultures. 
Vacdne.--Killed  E. coli vaccines were used in some experiments. Vaccines were prepared 
by the immersion of the appropriate culture containing known numbers of viable bacilli in 
a 60°C.  water bath for 30 minutes. Following sterility tests, such vaccines were stored at 4°C. 
for short periods of time before use. 
Culture Fractions.--Washed E. coli were prepared by triple washing of bacterial cells from 
the appropriate culture in large amounts of normal saline. Culture filtrates were prepared by 
the passage of the appropriate culture through an S-1 Seitz filter. Filtrates were used immedi- 
ately, with control checks of sterility performed simultaneously. 
Blood Cultures.--Quantitative  blood cultures taken during the first 3 hours of bacteriemia 
were obtained from indwelling polyethylene or radioopaque catheters placed in the vascular 
system  (1). Early in the course of this study it became apparent that E. coti occasionally 
multiplied within the lumen of catheters maintained in the vascular system longer than 4 to 6 
hours,  rendering later catheter blood cultures quantitatively inaccurate.  Consequently, all 
blood cultures obtained later than 3 hours after injection of bacilli were taken directly from 
the marginal ear veins or the left ventricle. 
Fever Studies.--Rectai  temperatures were followed during the course of baeteriemia in a 
number of animals. After a  period of acclimatization in an air-conditioned laboratory, base 
line rectal temperature recordings were obtained over periods of 30 minutes to 2 hours prior 
to the initiation of experiments. Ordinary clinical Fahrenheit thermometers were used. Rabbits 
stood unrestrained on the laboratory table or were periodically removed from their cages for 
temperature observations. 
Blood  Pressures.--Arterial  blood pressures were obtained on unanesthetized animals tied 
prone on an animal board.  Under light pentobarbitai anesthesia supplemented with local 
procaine, the right femoral artery was cannulated and a polyethylene catheter was advanced 
retrograde into the lower aorta. The catheter was connected to a standard mercury manometer 
by a system filled with heparinized saline. Blood pressure readings were obtained every 5 to 
15 minutes during the course of such studies. 
EXPERIMENTAL 
The Syndrome Associated with the Injection of Young and Old Cultures.--Rab- 
bits given an intravenous injection of 4 hour broth culture of E. coti containing 
0.5 to 1 X  10  ° viable bacterial units appeared well throughout long periods of 
observation.  Heart  rates  and  respiratory  rates  remained  normal  and  these 
animals were indistinguishable from normal uninjected rabbits. 
Rabbits receiving  18 to 29 hour infusion  broth  cultures  containing  similar 
numbers of viable E. coli appeared relatively  unaffected during the first 30 to 
60 minutes following injection. Thirty to 90 minutes after administration of old 
culture a relatively  uniform series of events ensued" 
1.  A marked drop in ear vein temperature was apparent in the majority  of 
animals.  Ear  veins would not dilate  with xylol, and marginal  venous blood 
specimens  were  extremely  difficult  to  obtain.  Blood  specimens  taken  from DAVID  E.  ROGERS  AND  MARIAN  ANN  MELLY  563 
peripheral  veins  or  the  left ventricle  were  darker  and  less  oxygenated  than 
blood from normal animals. 
2.  The majority of animals showed  increasing  respiratory rates,  and rales 
and rhonchi could be heard over the lung fields. Occasional animals developed 
conjunctival edema, and small amounts of frothy fluid appeared at the nares. 
Normal  heart  rates  were  maintained  without  change  in  most animals.  One 
TABLE I 
Syndrome  Produced by the Injection of Young and Old Cultures of E. Coli Containing Similar 
Numbers of Viable Bacterial Units 
Time  Old culture (0.5-1 X  10  9 culturable units)  Young culture (0.5-1 X  10  m 
cuturable units) 
Occasional gasping respirations  Appear normal  0-injection 
30-90 rain. 
3-5 hrs. 
6-12 hrs. 
12-24 hrs. 
Ears cold, bloodless, cyanotic. 
Increased respiratory rate. 
Occasional pulmonary rales and rhonchi. 
Occasional conjunctival  edema, bulg- 
ing watery eyes, pupils  dilated. 
Watery froth at nose. 
Usually normal. 
Occasional death (4 animals). 
High blood sugar (2). 
325 mg. per cent, 280 mg. per cent. 
Normal 
Increasing respiratory distress. 
Weakness, inability to stand, terminal 
convulsions, opisthotonus. 
Normal  blood sugars  (2)  76  rag. per 
cent 95 mg. per cent. 
Death 
Occasional minimal symptoms sim- 
ilar  to  those  noted  in  animals 
receiving old culture. 
Normal 
animal showed a profound drop in heart rate from 220 to 250 beats per minute 
to 50 to 60 beats per minute. 
3.  Four  animals  died  with  increasing  respiratory  symptoms and  terminal 
convulsions within 3 to 5 hours. Blood sugars obtained immediately after death 
in two of these animals were 325 and 280 rag. per cent. The majority of animals 
developing  the  syndrome described  appeared  to  recover completely and  ap- 
peared normal in all respects until shortly before death. 
Deaths commonly occurred between 14 and 28 hours. At this time, respira- 
tory rates steadily increased, and audible rales and rhonchi reappeared over the 564  BACr~.m~.  re 
lung  fields.  Rabbits  showed  increasing  weakness,  appeared  unable  to  rise 
to  the  standing position,  and  commonly convulsed  terminally,  dying  with 
marked opisthotonus. Blood sugars obtained at the time of death in 2 animals 
were 76 and 95 rag. per cent. This series of events closely resembled the syn- 
drome which has been noted to follow the injection of lethal amounts of endo- 
toxin (5). The clinical features are summarized in Table I. 
At autopsy the internal organs appeared normal in  the gross with  the ex- 
ception of the lungs which were heavy, fluid-filled, and relatively airless.  As 
noted in Table II, lungs obtained from animals receiving E. coli weighed from 
50 to 100 per cent more than normal lungs, averaging 21.6 gin. in contrast to 
average lung weights of 13.5  gm. found in normal uninjected animals.  Small 
TABLE II 
Comparison of Weight of Lungs Obtained  from Normal Rabbits and Rabbits Dying with E. coil 
Bacteriemia 
Normal rabbits  l~bbits receiving E. ~li 
Rabbit No.  Lung weight  Rabbit No.  Lung weight 
1-32 
1-26 
1-34 
1-40 
1-29 
1-19 
gm. 
9.7 
13.0 
14.0 
17.0 
14.5 
12.7 
Average =  13.5 gm. 
1-10 
9-6 
1-21 
1-31 
1-27 
1-39 
16.0 
16.0 
30.0 
24.0 
26.5 
18.0 
Average -- 21.6 gin. 
punctate hemorrhages could frequently be seen beneath the pleural  surface. 
On section, hemorrhagic fluid oozed from the cut surface. None of the animals 
demonstrated the kidney lesions described with  the generalized Shwartzman 
phenomenon (5). 
Rabbit Mortality Following the Injection of Whole Cultures or Different Culture 
Fractions.--Table  III  summarizes  the  deaths  which  occurred following  the 
injection of whole broth cultures, washed bacterial cells, or cell-free filtrates of 
young or old cultures. 
Twenty-two of 29 animals receiving injections of old culture died with the 
syndrome described. In contrast, only 3  of 17 animals receiving injections of 
young culture containing similar numbers of cells succumbed. Washed bacterial 
cells prepared from either culture did not cause death. 
In  general,  cell-free filtrates  prepared  from  either  culture  did  not  cause 
mortality. Two of 7 animals receiving filtrates from old cultures died. However, DAVID E.  ROGERS AND MARIAN ANN MELLY  565 
both of these animals received large amounts of culture filtrate.  Neither of the 
two animals receiving culture filtrate prepared from young cultures succumbed. 
When filtrates  were reversed,  i.e.  when  old bacterial  cells  were suspended  in 
filtrates  obtained from young culture,  no deaths were noted.  However, 3  of 4 
animals receiving young cells suspended in old culture filtrate succumbed. 
These experiments suggested that the presence of both living bacterial cells 
and  some substance  or substances  present  in culture  filtrates  of old cultures 
were necessary to cause subsequent death. 
The Clearance  of Young and Old Cultures from the Rabbit Blood Stream.--The 
removal of E. coli from the peripheral blood was studied in 12 animals receiving 
TABLE III 
Summary of Deaths Following the Intravenous Injection of Whole Culture or Culture Fractions 
of E. coli (Beeson) 
Material injected  Deaths/total animals injected 
1. 0.5 cc. broth culture 
A.  Old culture ......................................... 
B.  Young culture ...................................... 
2.  Washed bacterial cells 
A.  Old culture ......................................... 
B.  Young culture ...................................... 
3.  Culture filtrate 
A.  Old culture ......................................... 
B.  Young culture ...................................... 
4.  Reversed filtrates 
A. Old cells, young filtrate .............................. 
B.  Young ceils, old filtrate .............................. 
22/29  (76 per cent) 
3/17  (18 per cent) 
0/3 
0/3 
2*/7 
0/2 
0/2 
3/4 
* Animals dying received 2 and 4 times the quantity of culture filtrate 
culture. 
0.5 to 1 X  10  ° viable bacterial  units administered  in all experiments 
injected with broth 
using living cells. 
either young or old cultures  intravenously.  As noted in Fig.  1,  there  were no 
significant differences in the rates of initial disappearance of bacterial cells from 
the circulation following the injection of either culture.  A  1000-fold reduction 
in  the  number of  circulating  bacteria occurred during  the initial  20 minutes 
following injection. 
Beyond 20 to 40 minutes,  there  was wider variation in the number of bac- 
teria remaining in the circulation. As noted in Fig. 2, bacteriemias ranged from 
0  to  2,000  microorganisms  per  ml.  over  the  initial  3  hour  period.  Animals 
receiving old culture averaged slightly greater numbers of circulating bacilli at 
3 hours, but this difference was statistically insignificant. 
Variations  in  the  subsequent  bactefiemia  were  yet  more  extreme.  The 566  BAC~S~m.A.  XV 
results of quantitative blood cultures obtained between 4  and 48 hours after 
injection are plotted in Fig. 3. In general, there was a tendency for the number 
of circulating E. coli to rise slightly in the 4 to 20 hour period in both groups. 
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Fro. 1. The initial rates of blood stream clearance of young and old cultures of E. coll. 
Again, no significant differences could be detected between the two groups. In 
animals surviving beyond 48 hours, blood cultures invariably became sterile. 
We  were  thus  faced  with  a  puzzling  paradox:  Despite  similar  levels  of 
bacteriemia,  the  majority of animals  receiving old culture died in  18  to  24 
hours, while animals receiving young culture remained to all appearances well 
and subsequently sterilized their blood stream. 
That the level of circulating bacteria per se was not of fundamental impor- DAVID  E.  ROGERS  AND  MARIAN  ANN  MELLY  567 
tance was also suggested in continuous infusion experiments. As noted in Fig. 
4, an animal receiving a  4  hour culture of E. coli in saline survived a  5 hour 
period of continuous bacteriemia of  100,000  microorganisms per ml.,  finally 
dying in pulmonary edema when  170  cc.  of fluid had been administered.  In 
contrast, a second animal receiving an infusion containing 18 hour culture died 
FIG. 2. Bacteriemias observed over a 3 hour period in 12 animals receiving young or old 
cultures of E. coli. 
in shock at 2~  hours after the administration of 60 ml. despite maintenance 
of a  bacteriemia of only 1,000 per ml. of blood. 
Changes in Peripheral Leukocyte Counts Associated with the Injection of Young 
and Old Cultures.--It was believed that differences in the quantity of endotoxin 
contained in young and old cultures accounted for the observed differences in 
mortality.  There  is  evidence  that  the  leukopenia  which  follows  endotoxin 
injection  is  directly related  to  the  amount  of  endotoxin  administered  (6). 
Hence,  the  behavior  of  leukocytes following  the  injection  of young  or  old 
cultures of E. coli was studied in a  series of animals.  These studies are sum- 
marized in Fig. 5. 568  BACTERIEMIA,  IV 
The  injection of uninoculated infusion broth  did  not  produce  significant 
leukopenia. Animals receiving injections of either young or old culture showed 
rapid  and profound fall in  total leukocyte counts.  Circulating granulocytes 
virtually  disappeared  from  the  blood  stream,  granulocytopenia reaching  a 
maximum in 5 to 20 minutes. Low granulocyte levels were maintained over a 3 
hour period with a  subsequent slow rise toward control values. No significant 
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FIo.  3.  Late bacteriemias observed in rabbits receiving young or old cultures of E. coli. 
differences could be  detected  in  the  leukopenia  produced  by young or  old 
culture. 
Fever Produced by the Injection  of Young and Old Cultures.--The magnitude 
of the febrile response has been shown to parallel the quantities of endotoxin 
administered (6). Various culture fractions and whole culture were thus studied 
for their ability to produce fever. 
The injection of sterile broth produced no significant change in the tempera- 
ture. The injection of washed bacterial cells obtained from either young or old DAVID E. ROGERS AND  MARIAN  ANN  ~ELLY  569 
cultures  produced  fevers  of  similar  degree  and  duration.  Temperatures  re- 
mained unaltered for 15 to 30 minutes following the injection of bacterial cells 
from  either  culture.  There  was  then  a  progressive  temperature  rise  of  ap- 
proximately 2°F., plateauing at 2 to 2.5 hours. Animals receiving either young 
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FIG. 4.  E. coli bacteriemia maintained by continuous infusion. Rabbit A, given a young 
culture of g. ¢oli in saline, sustained a constant bacteriemia of 100,000 bacilli per ml. for 5 
hours, finally dying of fluid overload. Rabbit B received a smaller amount of old culture in 
saline in a similar infusion. This animal died in shock at 2.5 hours despite a bacteriemia of 
only 1,000 microorganisms  per ml. 
or  old  cells developed a  secondary rise  in  temperature  of  1.5  to 2.5°F.  at 3 
hours, and elevated temperatures were maintained throughout a 24 hour period. 
This coincided with  the period  in which  an increased bacteriemia was noted 
and  suggested  active  infection.  A  subsequent  progressive  drop  to  normal 
occurred in those animals who survived and eventually sterilized their blood 
stream. A typical experiment is pictured in Fig. 6. 
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FIo.  5.  Leukopenia  associated with  the  injection of young or old cultures  of  E.  coli. 
Similar degrees of granulocytopenia follow the injection of either culture. 
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FIG. 6.  The temperature response of individual rabbits to  (a)  sterile infusion broth,  (b) 
washed E. coli from young culture, (c) washed E. ¢oli from old culture. 
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duced the typical double hump temperature response which has been noted to 
follow the administration of endotoxin.  (Fig. 7). Following an initial lag period 
of 15 minutes, there was a prompt temperature rise of 1.5 to 2°F. In the ma- 
jority of animals,  temperatures declined at 90 minutes with a subsequent rise 
peaking at 3 hours. Temperatures then gradually returned to the base line at 6 
hours to 7 hours. 
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F10. 7.  The temperature  response of rabbits to Seitz filtrates of young and old cultures of 
E. coll. 
When  whole  cultures  were  used,  striking differences  in  the  temperature 
response  to the two cultures were apparent. The temperature curves of two 
animals receiving young cultures and the two animals receiving old cultures are 
recorded in Fig. 8. 
The administration of young culture containing 0.5 to 1 ×  10  ° viable units 
was  followed  by  the  typical  temperature  response  observed  with  washed 
bacterial cells. Animals  receiving injections  of old culture containing similar 
numbers of viable bacteria showed a  striking fall in temperature. In certain 
a~im~LlS  there was a time lag of 15 to 30 minutes prior to temperature depression; 
in others,  the progressive  fall  in temperature started immediately upon the 
injection of culture. 572  BACTERIEmA. IV 
Alterations  in Systemic  Blood Pressure Associated witk the Injection of Young 
and Old Cultures  of E.  coli.--The  predictable temperature response obtained 
with injections of either bacterial ceils or filtrates suggested that the striking 
fall in  temperatures associated with  the  injection of whole 24 hour cultures 
might be secondary to changes  in  systemic blood pressure.  Arterial pressure 
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FIG. 8. The temperature response to young and old cultures of E. coli. 
responses to the injection of young and old cultures were consequently sub- 
jected to study. 
Animals  receiving an  injection of young culture showed a  slow  decline in 
arterial blood pressure of 20 to 30 ram.  of mercury over the initial  11/6 to 3 
hours of observation. Arterial pressures were subsequently maintainned through 
out a 6 hour period or showed a gradual rise toward base line pressures during 
the latter 3  hours of the experiment. Normal animals subjected  to the same 
procedure (light pentobarbital anesthesia,  cannulation of the femoral artery, 
and the prone position for 6 hours) showed similar alterations in blood pressure. 
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Animals receiving injections of old culture showed a very different arterial 
pressure response.  Base line pressures were maintained for periods of 15 to 30 
minutes.  A precipitous drop in arterial  pressure then occurred, ranging  from 
40 to 65 ram.  of mercury.  Profound hypotension persisted for periods of 90 
minutes to 2~  hours, mean arterial  pressures ranging  from 40 to 50 ram.  of 
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F~O. 9.  Changes in mean arterial pressure following the injection of young or old cultures 
of E. call 
mercury. Following the hypotensive period, there was a gradual rise in mean 
arterial pressure to approach pre-injection norms at 5 to 6 hours (Figs. 9 and 10). 
Falling arterial pressures were associated with falling  body temperatures of 
3 to 6°F. As arterial  pressures rose,  body temperatures rose correspondingly. 
The  Effect  of  Transient  Endotoxin  Shock  on  the  Mortality  Produced  by  a 
Subsequent Injection of Living E. coli.--It was postulated (a)  that some sub- 
stance,  probabIy endotoxin, present in greater quantities  in old culture,  was 
responsible for the transient shock; (b) that subsequent bacteriemin was neces- 
sary to produce death. It has been difficult to design a satisfactory experimental 574  BACTERIEMIA.  IV 
model to test  this hypothesis. Nevertheless, a  series of experiments were per- 
formed which may have bearing on this thesis. 
Killed vaccines prepared from both 4 and 18 hour cultures containing 0.5 X  10  ~ cells were 
administered to groups of animals. At 6 hours, 0.5 to 1 X  10  9 washed bacterial cells obtained 
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FIG. 10.  Changes  in the mean arterial pressure  following the injection of young or old 
cultures of E. coli. 
from  4 hour cultures were  administered to one-half  of the animals, the remainder serving 
as vaccine controls. 
Animals receiving old vaccine alone survived in such studies. However, when 
old vaccine was followed at  6  hours  by an injection of washed living E.  coli, 
animals invariably died in 12 to 24 hours. Animals receiving an initial injection 
of  young  vaccine  and  continuing  to  live  invariably  survived  a  subsequent 
injection  of  living E.  coli.  However,  these  results  were clouded  by the  fact 
that  animals often  died following the administration of young vaccine alone. 
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This observation remains unexplained, and is puzzling  when contrasted with 
the low mortality associated  with the injection of  living  4  hour culture  in 
similar quantities. 
Thus,  while  these experiments suggest  that  both  a  preliminary shocking 
injection and a subsequent bacteriemia due to riving organisms is necessary to 
produce mortality, they do not conclusively prove this point. 
Ui.ur£s  A~T~-a mJseTlo'.-- 
FzO.  11,  The 3 hour blood stream clearance of E. coll in 2 animals who had sustained a 
period of shock produced by old culture vaccine 4 hours before injection. The range of bac- 
teriemias observed in 8 normal animals is represented in the shaded area. 
The Splanchnic  Removal of E.  coli in Endotoxin-Shocked Animals.--It was 
believed that the period of transient shock might damage the reticulo-endo- 
thelial  system and thus  render it  incapable  of removing circulating E.  coli 
from the blood stream. This thesis was subjected to study in two animals. 
A radioopaque catheter was placed in the left hepatic vein v/~ the right jugular, and the 
right femoral artery was cannulated for pressure recordings. Following a  period of stabiliza- 576  BACa~r~m~a_~. IV 
tion, 0.5 cc. of old culture vaccine was injected into the left ear vein. A period of hypotension 
mimicking that shown in Figs. 9 and 10 was maintained for periods of 1 to 2 hours. If necessary, 
small amounts of blood were removed to maintain profound hypotension, and subsequently 
returned to the animal. Following the reestablishment of arterial pressure at mean levels of 
70 to 80 ram. of mercury, 0.5 cc. of old broth culture of E. coli containing from 0.5 to  1  X  109 
bacterial cells was injected v/a the left ear vein. Simultaneous arterial blood and hepatic vein 
blood cultures were obtained during a  3  hour period. 
As noted in Fig. 11, the rate of peripheral clearance of circulating E. coli was 
slightly slower in  the shocked animals  than  in  a  series  of 8  normal animals 
receiving  identical  injections  of  culture.  Nevertheless,  total  clearance  was 
similar in both groups, and the slight reduction in clearance rate may relate 
to the reduction in arterial blood pressure necessarily present in these animals. 
TABLE  IV 
Splanchnic Removal of E. coli in Normal and Shocked Rabbits 
Normal rabbits  Shocked rabbits 
Rabbit No. 
1-77  [  1-76 
Time after injection  Per cent removal 
1 min. 
5  " 
10  " 
20  " 
40  " 
60  " 
90  " 
3  hrs. 
5-1  5-8 
Per eew  removal 
39  62 
59  75 
58  70 
34  83 
69  84 
30  97 
--  79 
-/-126"  70 
39 
50 
56 
60 
73 
72 
3O 
56 
20 
22 
23 
24 
73 
92 
80 
+112" 
Average removal ffi 64.5 per cent ±  S.D. 6.0  Average  removal  =  51.3  per 
cent -4- S.D. 7.3 
* Seeding from  liver;  i.e.,  hepatic  venous bacterial  counts exceeded  peripheral  blood 
bacterial counts. 
Splanchnic  trapping  of E.  coli  also  appeared slightly depressed.  Table IV 
compares the percentage of microorganisms trapped in the splanchnic bed in 
two normal and the two shocked animals. As noted, an average of 51.3 per cent 
of E. coli was removed at each sampling period in shocked animals in contrast 
to 64.5 per cent in normal control animals. While these results suggest impair- 
ment of splanchnic removal mechanisms, individual variations were great, and 
these differences are not statistically significant. 
DISCUSSION 
The  present  experiments  show  that  there  are  striking  differences in  the 
number  of  deaths  occurring  in  rabbits  receiving  intravenous  injections  of DAVID E. ROGERS  AND  MARIAN  ANN  M~LLY  577 
cultures of a  strain of E.  coli,  depending  on the age of the culture injected 
Animals receiving old culture die. Animals receiving young culture survive. 
Quantitative studies on the rate of initial blood stream clearance  and the 
subsequent persisting  bacteriemia  show no detectable  differences in the be- 
havior of young or old bacilli in the circulation.  Leukopenia of similar degree 
and duration follows the injection of either culture. The temperature response is 
quantitatively similar following the injection of either young or old bacterial 
cells, or young or old culture filtrates.  Despite these  similarities,  animals  re- 
ceiving old cultures of E.  coli  succumb  18  to  24  hours after injection with 
bacteriemias  which are tolerated without difficulty by animals receiving young 
cultures of the same strain. 
In the current studies,  the injection of either old culture filtrate or washed 
bacterial  cells from old  cultures was  not  associated  with  significant  rabbit 
mortality. Nevertheless,  when washed living bacterial cells from either culture 
were suspended in old culture filtrate for injection, the majority of rabbits died 
within 24 hours. It could further be shown that animals survived the adminis- 
tration of whole  old  E.  coli  culture, a  shock-producing  injection,  when  the 
culture was rendered non-viable by heating. However, such animals could not 
subsequently withstand an  injection of washed  living  E.  coli,  an  injection 
tolerated without difficulty  by normal rabbits. These observations suggest that 
the presence of both living bacterial cells and some substance  or substances  in 
old culture filtrates were necessary to produce subsequent death. 
One significant difference in the host response to injection of these two cul- 
tures  was  observed.  Despite  the  typical endotoxin fever  response  observed 
following the injection of either culture filtrate or washed  E.  coli from old 
cultures,  the  injection of whole  old  cultures  was  commonly followed by  a 
period  of progressive  hypothermia. Further study revealed  that such  hypo- 
thermia appeared to be a secondary phenomenon accompanying falling arterial 
blood pressures. Animals receiving injections of old cultures of g. coli underwent 
a  period  of reversible  shock lasting 90 to 150 minutes. Hypotension was as- 
sociated with a progressive fall in body temperatures. As arterial pressures were 
reestablished,  body temperatures rose toward base line values. No such change 
in systemic blood pressure  accompanied  the injection of young culture. 
Does the period of transient hypotension observed in animals receiving old 
culture relate to death occurring  12 to 20 hours later? The finding that both 
the shocking  injection and living  bacterial  cells were  necessary  to produce 
mortality support this possibility  when coupled with the observations of other 
investigators. 
Schweinberg and Fine have shown that a 2 hour period of hypotension pro- 
duced by controlled hemorrhage renders rabbits exquisitely susceptible to small 
amounts of endotoxin injected 4  to  15  hours after recovery from shock  (7). 
In  their  studies,  rabbits  undergoing  transient  hemorrhagic  shock  regularly 578  BACTERIEMIA.  IV 
succumbed to 1/100,000th  the dose of endotoxin required to produce death in 
normal animals. 
In  the present studies, animals  receiving  living  E. eoli from either culture 
demonstrated  increased  bacteriemias 4  to 20 hours  after infection.  It seems 
reasonable to postulate that  this increasing  bacteriemia may represent a self- 
administered  rechallenge  with endotoxin.  The  transient  shock accompanying 
the injection of old culture (or endotoxin excess per se) may thus render these 
animals  highly  susceptible  to  death  from  their  own  resurging  bacteriemia, 
despite the fact  that  non-shocked animals  can  tolerate similar  levels  of cir- 
culating bacilli without event. 
Through what mechanism  is such increased susceptibility mediated? It is our 
present  thesis  that  a  period of endotoxin shock may result in altered  organ 
distribution of circulating  bacilli,  and that mortality may be dependent upon 
the site  of bacillary lodgment  rather  than  the levels  of circulating  bacteria 
p~¢" se. 
Certain evidence supports this possibility:-- 
1.  Splanchnic  trapping mechanisms are probably impaired  by the injection of 
endotoxin. The bacteriologic  techniques used in the present experiments failed 
to show conclusively that a shocking  injection of E. coli significantly  impairs 
subsequent splanchnic  clearance.  Nevertheless, other investigators using more 
precise quantitative methods have clearly demonstrated that hepatic uptake of 
various substances can be significantly  reduced by the prior administration  of 
endotoxin (8, 9).  It has been shown that  the administration  of agents which 
impair  or "blockade" phagocytic functions of the reticuloendothelial  system 
can increase animal susceptibility to subsequent injections of endotoxin (10-13). 
2.  Splanchnic  blockade does not block the clearance of bacteria from the blood 
stream. Previous studies in this laboratory have shown that the administration 
of thorotrast, which virtually abolishes splanchnic  trapping, does not affect the 
disappearance of bacteria from the peripheral blood (1). Similar findings have 
been obtained by others utilizing  endotoxin (9). It is thus apparent that tissues 
other than the liver or spleen must retain circulating  bacteria when splanchnic 
removal mechanisms are compromised. 
3.  Reduction  of splanchnic  trapping  may result in greater pulmonary  tissue 
uptake of circulating substances. Recent studies by Smith, Braude, and Carey 
indicate that the lung may remove more circulating  endotoxin when splanchnic 
removal  mechanisms  are  depressed  (9).  When  Cr51-1abelled endotoxin  was 
administered  to animals  "prepared" by the injection of unlabelled endotoxin 
24 hours previously, hepatic uptake of endotoxin was reduced by 50 per cent. 
In these animals,  the lung tissues  accumulated over 50 per cent more endo- 
toxin than the lungs  of normal control animals. 
It is thus possible that more E. coli are trapped in the lung of animals receiv- DAVID  E.  ROGERS  AND  MARIAN  ANN  MELLY  579 
ing old culture, and that this unusual localization of circulating bacilli may 
affect the outcome of infection. 
Previous experiments in our laboratory have shown that the lung may remove 
increasing numbers of circulating E.  coli  as bacteriemia progresses  (3).  It is 
possible  that  any  impairment  of  splanchnic  removal  mechanisms  may  ac- 
centuate this pulmonary trapping process.  The striking pulmonary symptoms 
and heavy engorged lungs noted in animals dying from injections of old culture 
support  the  thesis that greater lung localization of bacilli may occur in these 
animals. 
These observations suggest that the outcome of infection may be changed by 
alterations in the host animal which affect distribution but not the total number 
of bacilli present within the  tissues of the host. This possibility is currently 
under investigation. 
SUMMARY 
Rabbits given an intravenous injection of an 18 to 24  hour broth  culture of 
E. coli commonly died within 28 hours. The injection of a 4 hour broth culture 
of the same strain of E. coli containing equal numbers of living baci]li produced 
only an occasional death. 
Initial clearance rates and subsequent bacteriemias were similar in animals 
receiving  either  culture.  Study of  changes  in  circulating  leukocytes or  the 
temperature  response  to  washed bacterial  cells  or culture filtrates failed to 
reveal obvious differences in host response to young or old cultures. 
It was found that both living bacterial cells and some substance or substances 
present in culture filtrates were  required  to  produce  subsequent death.  The 
injection of whole old cultures containing both these factors produced hypo- 
thermia  instead  of  the  endotoxin  type  fever  response  which  followed  the 
injection of whole young cultures. 
Subsequent  experiments  revealed  that  this  hypothermia  appeared  to  be 
secondary to a period of transient but profound shock which occurred soon after 
the  injection in  rabbits  receiving  old cultures. No significant alterations  in 
arterial pressure accompanied injections of young cultures. 
Evidence is presented which suggests that this period of hypotension rendered 
animals more  likely to  die  with  a  persisting  bacteriemia  tolerated  without 
event  by  non-shocked animals.  The  mechanisms  which  operate  to  increase 
mortality during the post shock period are as yet unclarified. 
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